Abstract: Between 2008 and 2015 we collected pellets of the Eurasian eagle-owl (Bubo bubo) in the Trøndelag region of central Norway and identified the food remains in these samples. We collected material at 45 sites with samples from a total of 76 nests. Some of the samples were from older and already abandoned nests, but at several sites we also found and collected fresh B. bubo pellets. In total 40,766 items of prey were identified from the osteological material. The most dominant food components were mammals (Mammalia, 25 species, 63.5%). The species representation of birds was very diverse (Aves, more than 150 species, 19.4%). Of amphibians (Amphibia, 16.8%), the well-represented species were Rana temporaria. Fish (Pisces, 0.3%) were represented rarely, while invertebrates were represented only sporadically (Invertebrata, 0.05%). A special composition was found in the diet spectra of the mammals and birds in the mountainous areas at altitudes between 220-780 m above sea level. The highest proportion of frogs was found in areas in the proximity of the mainland shore. On the northern islands located near the coast a significant proportion of the B. bubo diet consisted of rodents (Rodentia). On the more isolated southern islands of Frøya, Hitra and Storfosna the main prey was sea birds, and of the mammals there were also hedgehogs and rats.
Introduction
The Eurasian eagle-owl is an extremely efficient and versatile raptorial bird (Willgohs 1974 ). This top predator also hunts smaller species of owls and birds of prey and beasts of prey up to the size of a fox. In this way it plays an important role in various ecosystems in which animals are reflected in the relative representation of its prey. Comparison of the various food compositions enable us to render changes over long periods and between years and types of living area. The first compilation of B. bubo diet studies in Norway was published by Hagen (1952) . In total, the material consisted of 780 individual items of prey, mostly found in the inner parts of the country. A more extensive study of the B. bubo food remains from 82 sites (28 nesting places) collected between 1957-1972 was presented (n = 4456) by Willgohs (1974) . Most of the sites were located on the west coast, and approximately 85% of the material was from the Hordaland and Sogn og Fjordane counties. In neighbouring Sweden the diet of B. bubo has been researched by Regnell (1957) , Höglund (1966) , Schaefer (1970) , Emmet et al. (1972) and Olsson (1979) .
The main goal of our research was to determine the differences in the composition of the B. bubo diet between the islands, near the mainland shore and in the mountainous areas of the Trøndelag region of Central Norway.
Materials and methods
In this article we evaluate the differences in the representation of species in the prey of B. bubo between the municipalities of Sør-Trondelag and Nord-Trøndelag counties. In order to protect the nesting sites we will not specify names of specific locations. Their locations are shown in the attached map (Fig. 1) . Descriptions of the natural conditions in the municipalities are mentioned in the Tab. 1. Additional and more extensive data from this study will be presented in a later report by the same authors in a journal published by the Norwegian Ornithological Society.
While locating the nesting sites we consulted some ornithologists as well as historical records. In some localities one B. bubo breeding pair used several sites for Fig. 1 . Map of the study area. Next to the name of each municipality is the number of territories and in parentheses is the number of nests. Obr. 1. Mapa študovaného územia. Vedľa názvu samosprávy je uvedený počet teritórií a v zátvorkách počet hniezd. nesting; some nests were also abandoned from the past.
In some nest surroundings we also found resting sites with a higher concentration of pellets where we collected pellets as well as bones from the remains of old pellets. In the nests we collected the loose recent bone layer. In cases where bones were located deeper in the hard soil layer we processed this material individually and a bone sample was sent for C 14 dating analysis to the Research Laboratory for Archaeology and the History of Art, University of Oxford. The age of the oldest layers is included in the results. Osteological material from nests was separated by washing in a container with water. Organic remains were removed with a 5% solution of NaOH and washed under running water. After drying the samples for identification purposes, the jaws of mammals were sorted. Among the Arvicolinae, we included the jaws where the first upper molar M 1 had fallen out and among the Leporidae, we included the heel bone calcaneus. Among the birds, we identified the bones of bills: premaxilla and mandibula, wings: humerus and metacarpus and feet: tarsometatarsus. Among the amphibians we focused on the os ilium, among the fish it was their jawbones, the insects their heads and the crabs their claws. The number of individual species, or taxa, in the samples was determined by the most abundant of their body parts found. The identification of bones was undertaken using the collection of vertebrate skeletons at the Botanical Garden of Comenius University in Blatnica.
In the study we analyse the sums of all samples in individual municipalities without differentiating them by age and location. In the modified tables the samples are sorted by similarities of the species spectra. The order of the species is specified in such a way that the plus values of marked differences from the mean values, calculated using the Chi-quadrate test (+ MDFM, Obuch 2001) , are arranged into blocks that are marked in the tables with a bold line. Under the dotted line in the table there are stated more numerous species without a marked difference from the mean arranged by decreasing values of total abundance. In the last line of each table the diversity indices H' are specified, calculated according to Shannon & Weaver (1949) . The least abundant species are given beneath the tables. The MD-FM computations and modified tables were generated by the program Zber (Šipöcz 2004) .
Results
The main goal of our research was to acquire comparative material of B. bubo food from three parts of Trøndelag: from the mountains (including sparse forest and peatland in highland areas), lower areas close to the sea shore and from islands along the coast. In eight years we collected food remains from 45 sites in 14 The highest located nests were found in the municipality of Røros (780 meters above sea level), close to the lakes, rivers and peatlands. Here B. bubo often hunts for birds, i.e. ducks (9 species) and shorebirds (12 species). Of rodents, in addition to prevailing species M. agrestis and L. lemmus, also species of Clethrionomys glareolus, Myopus schisticolor and Sciurus vulgaris were well represented.
In the oldest part of the nesting area (650 meters above sea level in highland forest and peatland) in the municipality of Holtålen (up to 150 years old) a rare occurrence of ptarmigan L. muta was found. Unlike the other mountainous areas, here frogs R. temporaria and grey-sided vole, C. rufocanus were represented more often.
In the valley of Dalåa and Tevla in Meråker municipality, one nest of B. bubo contained bones older than 60 years. In another place we found one recent and one subfossil nest, where lower layers were dated back 3960 years. The oldest layers contained mainly water voles A. amphibius and lemmings L. lemmus.
In the valley of Neadalen in Selbu municipality, we found an abandoned nest of B. bubo with few breeding (small samples) attempts in recent times, the food remains of which were clearly dominated by M. agrestis.
D i e t o f B u b o b u b o c l o s e t o t h e c o n t i n e n t a l c o a s t In 13 samples from 5 municipalities close to the seashore of Trondheimsfjorden, Kråkvågfjorden and Åstf-jorden almost half of the prey was mammals (Mammalia, 48.9%) (Appendix 2). Birds (Aves, 13.0%) were a less plentiful component of the diet of B. bubo here, and frogs of species R. temporaria were represented more significantly (37.9%).
An abandoned nest located about 2.6 km from the coast in Malvik municipality contained bones in the deepest layer up to 300 years old. In addition to the predominant species of M. agrestis, rodents L. lemmus and A. amphibius were also well represented. Phasianidae and Anatidae were the birds most often hunted.
Two nests in Stjørdal municipality were located further from the coast, one in a wide valley near agricultural areas and one in forest and peatland higher up. In forest and peatland the diet of B. bubo consists mostly of mammals, particularly species of M. agrestis and L. lemmus. Of birds, L. lagopus was most often hunted.
In the municipality of Agdenes, we collected food remains from two territories of B. bubo located close to the coast in mountain landscape with peatlands and almost no forest. They consisted mostly of frogs R. temporaria (50.7%) and a considerable proportion of birds.
From the municipality of Snillfjord we analysed four bone samples from two territories (four nests) close to the end of the fjord and on a small island by the coast: water birds of families Laridae and Alcidae formed a significant part of the prey (Aves, 34.5%).
There are vast peatlands in the vicinity of inland nests of B. bubo in Ørland municipality, where B. bubo hunts mostly frogs and species of water birds.
D i e t o f B u b o b u b o o n t h e i sl a n d s On the northern offshore islands rodents were more represented, forming a significant part of the B. bubo prey. M. agrestis (50.5%), A. amphibius (8.4%) and L. lemmus (3.5%) were the species most often hunted (Appendix 3). On the southern islands of Hitra and Frøya water bird species of the family Laridae were an important part of the diet: Larus argentatus (2.6% and Larus canus (1.7%), Anatidae: Anas platyrhynchos (1.1%) and A. crecca (1.1%), Alcidae: Fratercula arctica (1.3%) and Alle alle (0.7%) and other species of Charadriiformes. On some islands frogs were often hunted (R. temporaria, 9.2%). On the islands with frogs, this species is well represented. Fish and invertebrates were sporadically represented in the diet of B. bubo here.
On the island of Halmøya, Flatanger municipality, we found a large number of bones, which were processed in three layers. Their age will be determined in a separate study. The main diet components of B. bubo at this site were mammals (Mammalia, 81.8%). Recently the island has gradually been overgrown by woody plants and M. agrestis has become dominant (62.6%). The island had no forests in the past with sheep grazing there. The species of A. amphibius was more represented (14.2%) in the oldest cultural layer. Birds (Aves, 9.7%, 97 species) were less plentiful but more varied prey components of B. bubo. The most plentiful species was F. arctica (1.3%). Recently frogs (R. temporaria, 8,2%) have been more often hunted.
On the island of Ramsøya, Osen municipality, B. bubo used five sites for nesting in turn, and under an overhanging rock we found a resting site with pellets. The oldest bones were 60-70 years old. M. agrestis (61.5%) was dominant among mammals (Mammalia, 77.5%), while in samples from some of the nests L. lemmus was represented (11.0%). The occurrence of L. lemmus originates from invasions in years with a lot of L. lemmus on the mainland. This applies to the instance of L. lemmus on the other islands as well. Under such circumstances L. lemmus swim to the islands. In addition, a surprisingly high number of Sorex araneus (2.1%) was found. In pellets, frogs were frequent (R. temporaria, 6.8%). Of birds (Aves, 15.1%, 68 species) the species most frequently hunted was L. argentatus (1.1%).
On Linesøya in Åfjord municipality we collected samples from two nests in the same territory of B. bubo. Mammals (Mammalia, 68.6%) were less represented than in the two previous islands with prevailing species of M. agrestis (65.6%). Also here there was a surprisingly high number of S. araneus (5,1%). Frogs were most represented in pellets from 2013 (R. temporaria, 14.0%). Of birds (Aves, 17.1%, 58 species) L. argentatus (1.8%) and Gallinago gallinago (1.8) were the species most frequently hunted.
On Storfosna in Ørland municipality we collected food remains of B. bubo from two nests in the same territory on the cliffs. Rodents of subfamily Arvicolinae were not found there, and therefore mammals (Mammalia, 28.4%) were most often represented by mouse (Mus musculus, 10.3%), hare (Lepus timidus, 9.6%) and hedgehog (Erinaceus europaeus, 7.5%). Frogs were also missing, so the dominant part of the prey of B. bubo was birds (Aves, 70.4%, 59 species), in particular species L. canus (12.1%), L. argentatus (6.5%), Vanellus vanellus (11.1%) and A. platyrhynchos (5.7%).
On Hitra the material represented 14 territories and 19 nests of B. bubo. Of mammals (Mammalia, 34.0%) the most frequent prey species were Clethrionomys glareolus (12.5%), L. timidus (8.1%), Rattus norvegicus (6.1%) and E. europaeus (3.5%). The main prey were birds (Aves, 65.6%, 81 species), and of these the most frequently represented species were L. argentatus (10.3%), L. canus (4.8%), F. arctica (4.3%), A. alle (3.9%), G. gallinago (5.4%), Scolopax rusticola (3.2%), A. crecca (3.2%) and A. platyrhynchos (2.6%). Auks were presented in the owls' diet mainly during periods outside the breeding season. Among gulls the young ones were prevalent, as B. bubo hunts them in their nesting colonies.
On Frøya B. bubo used 17 nesting sites in ten territories. In its diet mammals (Mammalia, 10.8%) were mostly represented by species R. norvegicus (3.8%), L. timidus (2.5%), E. europaeus (1.6%) and Neomys fodiens (1.6%).
The common frog R. temporaria (24.3%) was introduced to the island of Frøya repeatedly after 1960 (Dolmen & Seland 2016) . Over the past ten years, this frog has become common in several places on this island. In some territories B. bubo has started using it as an attractive diet component. L. lagopus (3.2%) was an attractive prey in this area. The pheasant Phasianus colchicus (0.3%) was introduced earlier, but has probably not expanded enough on the island. The representation of bird species in the diet of B. bubo (Aves, 63.4%, 81 species) is similar to the situation on Hitra.
T y p e s o f B u b o b u b o d i e t i n T r ø n d e l a g From our present findings from 39 sites in Sør-Trøndelag county and six sites in Nord-Trøndelag county, it is possible to differentiate the proportional representation of types of prey in the mountains and in the proximity of the coast (Tab. 2). However, the findings from the islands are so varied that we have separated the biggest collections made over a long period on Halmøya, Nord-Trøndelag, from more recent samples acquired on Ramsøya and Linesøya. Here the dominant food components of B. bubo are still mammals, subfamily Arvicolinae. On Storfosna, Hitra and Frøya in the southern part of Sør-Trøndelag the B. bubo hunts mostly for birds.
In (Obuch & Karaska 2010) .
In their study of the diet of B. bubo in southern Kirghizia, the authors Obuch & Rybin (1993) concluded that its natural environments are in the steppe zone. In the conditions of Central Europe it hunts in cultivated landscapes, which means that forest species of mammals and birds are rare in its diet. Norwegian offshore islands have been deforested by people and grazed by sheep, so the potential prey of B. bubo has been enriched also with introduced mammal species: R. temporaria, M. musculus, R. norvegicus, N. vison and birds:
Columba livia domestica, Gallus gallus domesticus, Phasianus colchicus. Nevertheless, a substantial portion of its diet still consists of original species of birds and mammals despite human activities. After grazing stopped and the areas became overgrown with deciduous forest, as for instance on Halmøya, B. bubo did not necessarily leave the areas; it only changed its diet composition. Similar decrease in agricultural activities can be seen in the highland areas of Trøndelag where deforested areas are being overgrown with thin woods. Here B. bubo has adapted to hunting various forest species of mammals, S. vulgaris, M. schisticolor and birds of the family Phasianidae: T. bonasia, T. urogalus and Strigidae: S. ulula, A. funereus. B. bubo has in the long period lived in such regions with boreal steppe, even without humans, which is documented by the age of bones from the deep layer of the nest in Meråker municipality They date back to almost 4000 years ago (radiocarbon analysis at the University of Oxford, Oct. 2015 The collection of samples from the B. bubo nest on Halmøya is distinguished by significant dominance of species M. agrestis and A. amphibius. Similarly, as on the southern islands, also here we found higher abundance of water bird species: F. arctica, Uria aalge, Somateria molissima and Mergus merganser.
On Ramsøya and Linesøya, in addition to dominant representation of the species M. agrestis in food samples of B. bubo, we found a higher abundance of the shrew Sorex araneus and birds: Calidris alpina, Tringa totanus, Cepphus grylle, Asio otus and Turdus iliacus. The birds Turdus pilaris, A. alle and Charadrius hiaticula are more often represented also on the southern islands.
On the southern islands of Frøya, Hitra and Storfosna mammals are a less significant part of the diet of B. bubo (Mammalia, 22.5%), while more often represented are species of E. europaeus, R. norvegicus, L. timidus, M. musculus, Neovison vison and Neomys fodiens. The most frequently hunted are birds (Aves, 65.1%), of which the highest represented are species from the orders of Charadriiformes and Anseriformes.
Discussion
According to the Norway Bird Distribution Atlas (Solem 1994) and population estimates for Norwegian breeding birds, most of the confirmed occurrences of B. bubo are located along the sea coast. The results from the years 2008 to 2012 (Øien et al. 2014 ) estimate the population in Norway from 451 (minimum) to 681 (maximum) pairs, the highest number of pairs being on the western coast of Rogaland and Hordaland counties. A numerous population is also present on the islands in the north, in the county of Nordland. Half of the 30 to 50 sites of B. bubo in Sør-Trøndelag county are on islands, where the significant food components are species of water birds. Similarly, a high proportion of birds (Aves, 63.2%) in the diet of B. bubo was presented by Willgohs (1974) , who acquired most of the material from the western coast of Norway. Hagen (1952) studied the diet of B. bubo mainly in the south-east of Norway, in Hedmark county, and in his results mammals are prevalent (Mammalia, 63.3%) as they are in our results from the mountainous areas. Both authors present lower representation of frog R. temporaria (2.8%, or 9.3%) than we do in our study (16.8%). A high proportion of frogs has been found at some sites in Malvik and Agdenes municipalities. The species R. temporaria was intensively hunted after its introduction to the island of Frøya. This shows 
